Query Chem (www.QueryChem.com) is a Web program that integrates chemical structure and text-based searching using publicly available chemical databases and Google's Web Application Program Interface (API). Query Chem makes it possible to search the Web for information about chemical structures without knowing their common names or identifiers. Furthermore, a structure can be combined with textual query terms to further restrict searches. Query Chem's search results can retrieve many interesting structure-property relationships of biomolecules on the Web.
In order to bridge the gap between chemical databases and the rest of the Internet, Query Chem, Web-based software that integrates structure and text-based Web searches, has been developed. Given a compound structure and text search terms, Query Chem searches for similar structures using PubChem, Chembank or Chmoogle and then performs a series of Google searches of the entire Web combining the user-specified text search terms and the names of the matching structures. Query Chem prioritizes Web search results by their relevance to user-specified chemical structure and text search terms, such as "toxicity" or "protein target". Query Chem's searches can retrieve known structure-property relationships of many biomolecules, often correctly identifying a compound's known protein target, metabolism, and usage in the first page of search results ( Fig. 1) .
Procedure:
Query Chem, located at www.QueryChem.com, is a Perl/Common Gateway Interface (CGI) Web program which uses the Google Web API (www.Google.com/APIs) (Fig. 2) . Users enter compounds in the form of text string representations of chemical structures called SMILES (www.Daylight.com) or enter compound structures by drawing them using the JME Structure Editor (www.Molinspiration.com/JEM). If a compound is known by name only, links are provided to various chemical databases so that the SMILES string of that named compound can be located and copied into Query Chem.
Users can also specify whether a full-structure or a substructure search should be performed. In addition to compound information, the user may enter textual search terms. Users may select either Chembank, PubChem, or Chmoogle (technically a search engine) as the database searched to identify compounds matching the query SMILES string. This database is searched to retrieve up to ten matching compounds. For example, many chemical databases, including Chembank, identify matching compounds through the use of binary fingerprints. These fingerprints may encode the SMILES strings of each compound's substructures, thereby performing SMILES string matching quickly using bit operations on the fingerprints. Compound database searching issues have been described more fully elsewhere (www.Daylight.com).
If a full-structure search is performed, a measure of the structural similarity between the queried compound structure and each matching structure, e.g., the Tanimoto Google, and to the scientific literature via Google Scholar (Fig. 1) . Since the Google API limits the frequency of searches for a given Google API key (1000 Google searches per day), frequent Query Chem users are encouraged to obtain their own Google API keys at www.Google.com/apis for more searches.
Results:
We have confirmed that Query Chem retrieves many known relationships between compound structures and their properties, e.g., protein targets, metabolites, clinical usage, or pollution sources. Three examples of full-structure searching, using the default Tanimoto chemical similarity threshold of 0.85, are discussed below. We have performed searches with a structurally diverse representation of queried compounds ranging from the complex 31-membered ring system of Rapamycin to the simplest 6-membered ring Benzene. We have tested Query Chem with example text search terms that demonstrate relationships between compounds, relationships between compounds and proteins, and the environmental prevalence of a compound. These examples show that Query Chem can retrieve information and chemical relationships of interest to chemists, biomedical researchers and students, as well as the lay community. There are no limits on allowed types of text search terms, so the following examples should not limit the reader's imagination.
Protein Targets of Rapamycin
Rapamycin (Fig. 3-1) is a natural product used as an immunosuppressant and as a potential anti-cancer agent. Rapamycin has two protein targets, TOR and FKBP12, which in complex with Rapamycin lead to a cascade of molecular events that induce cellcycle arrest at the G1/S transition 10 .
We used Query Chem with the PubChem database to search the structure of Rapamycin in combination with the terms "protein target." In total, 87 similar compounds were identified from the PubChem compound database. Among these, 
Metabolite of Trandolapril
Trandolapril ( Fig. 3-2) is an FDA-approved drug used to treat hypertension and some forms of chronic heart disease that acts by inhibiting the angiotensin-converting enzyme (ACE). Trandolapril is a prodrug which only becomes fully activated upon metabolism by the liver where it is converted to its most active form Trandolaprilat 11 . Using Query
Chem with Chembank to search the structure of Trandolapril in combination with the search term "metabolite", the known metabolite of Trandolapril was correctly identified as Trandolaprilat. Repeating the same search using the structure of Trandolaprilat produced similar results. In total, Query Chem identified four similar compounds all of which had numerous search results on Google. The exact match Trandolapril was identified as well as its close structural homologues Enalapril, Lisinopril, and Ramipril, which have similar clinical applications 11 . The known metabolites of Enalapril and Ramipril were found among the search results, as was the fact that Lisinopril is not a prodrug.
Sources of Benzene Pollution
Benzene (Fig. 3-3) is a ubiquitous molecule occurring in nature and used in a variety of industrial settings. Benzene is also a common pollutant and known Chem is that Google only allows a maximum of 32 words in its searches, so that some compound synonyms will not be searched in a single step. Users are encouraged to refine searches via links to a Google search page with the initial query as a starting point.
Query Chem-which retrieves a broad array of information about chemical structures from the Web-has functionality that is distinct from Chmoogleengine which searches for non-textual structure files (such as SD files) on the Web.
Query Chem's interface with Chmoogle demonstrates the complementarity of these two approaches, by providing quick retrieval of relevant structures in Chmoogle followed by a search for literature about compound structures and their user-specified properties via
Google.
There is enormous potential to identify structure-property relationships of biomolecules on the Web using integrated search engines. The search capabilities of Query Chem should increase over time as more chemical names and synonyms are added to the publicly available chemical databases. Finally, we note that this application illustrates a more general principle-that Web search tools can be greatly improved and extended by allowing non-textual data objects to be used as search terms. LEGEND: Query Chem combines a user-specified chemical structure with textual search terms. Query Chem will convert a drawn compound structure into a SMILES string or accept a SMILES string directly. Using the SMILES string, a chemical database is searched for similar structures ("full-structure searching") or for compounds with matching substructures ("substructure searching"), and matching compound names (and their synonyms) are retrieved. For each matching compound, a Google Web search combining compound synonyms with textual search terms is performed. Search results are displayed to the user, together with links enabling related searches 
